This study evaluated the annual prevalence of anogenital warts (AGW) caused by human papillomavirus (HPV) and analysed the trend in annual per cent changes (APC) by using national claims data from the Health Insurance Review and Assessment of Korea, 2007Korea, -2015 We also estimated the socio-economic burden and co-morbidities of AGW. All analyses were performed based on data for primary A63.0, the specific diagnosis code for AGW. The socioeconomic cost of AGW was calculated based on the direct medical cost, direct non-medical cost and indirect cost. The overall AGW prevalence and socio-economic burden has increased during the last 9 years. However, the prevalence of AGW differed significantly by sex. The female prevalence increased until 2012, and decreased thereafter (APC + 3·6%). It would fall after the introduction of routine HPV vaccination, principally for females, in Korea. The male prevalence increased continuously over time (APC + 11·6%), especially in those aged 20-49 years. Referring to the increasing AGW prevalence and its disease burden, active HPV infection control surveillance and prevention in males are worth consideration.
INTRODUCTION
Anogenital human papillomavirus (HPV), one of the most common sexually transmitted viral infections, is a double-stranded virus causing several types of warts and cancers in both males and females [1] . About 50% of sexually active subjects are at risk of acquiring a urogenital HPV infection that they may pass on to their partners [2] . Among the 210 officially recognised HPV types, low-risk types of HPV (e.g. types 6 and 11) cause 90% of all cases of anogenital warts (AGW) [3, 4] . HPV infection negatively impacts economic status and quality-of-life, attributable to anxiety, embarrassment, shame and lack of sexual activity and enjoyment [5] . HPV infections and AGW not only reduce sperm vitality in males but also increase the likelihood of transmission to their sexual partner, as 36% of HPV infections in men remain persistent 24 months after their initial detection [6] . They can cause female infertility, trigger extrauterine pregnancies and contribute to early foetal death [7] .
The prevalence of HPV infections has increased over the past four decades [8] . Approximately 79 million subjects are currently infected with HPV, and about 14 million subjects aged 15-59 years become newly infected with genital HPV annually in the United States (US). Approximately half of all new infections develop in those aged 15-24 years [9, 10] . The prevalence of HPV infection is high among Korean males. Among sexually active undergraduates in South Korea, the prevalence of the infection is 38·8% in females and 10·6% in males [11] . The prevalences of low-and high-risk HPV infections (e.g. infections caused by HPV types 16 and 18) in males with genital warts are 97·0% and 23·5%, respectively. Of all infected males, 20·5% exhibited both high-and low-risk HPV infections [12] .
Gardasil™ (Merck & Co., Inc., Whitehouse Station, NJ, US) is a prophylactic quadrivalent vaccine protecting against HPV types 6, 11, 16 and 18, which can cause AGW and various cancers and pre-cancers [13] . Cervarix™ (GlaxoSmithKline, Middlesex, UK) is a bivalent vaccine protecting against, e.g. types 16 and 18. Gardasil and Cervarix were approved by the Korean Food and Drug Administration in June 2007 and July 2008, respectively [14] . In 2009, the World Health Organisation (WHO) suggested that prophylactic HPV vaccination should be included in national immunisation programmes (NIPs), and it published guidelines for the three-dose HPV vaccination of females aged 9-13 years [15] . The WHO has changed the previous recommendation of three-dose vaccination to two-dose HPV vaccination in females aged 9-13 years in October 2014 [16] . The Food and Drug Administration and European Medicines Agency approved a nonavalent HPV vaccine, Gardasil 9 (Merck & Co., Inc., Whitehouse Station, NJ, US), in 2014 and 2015, respectively. It prevents five additional HPV types (HPV 31/33/45/52/58), which are the third to eighth most frequent HPV types after HPV 16 and 18 [17, 18] .
Although several national studies have assessed the efficacy of current prophylactic HPV vaccines and trends in the prevalence of AGW, less is known about the epidemiological burden of AGW in males, and no such study has been conducted in South Korea [19] [20] [21] . Therefore, we describe the characteristics and prevalence of AGW in both sexes since the introduction of routine HPV vaccination (principally for females) in South Korea. We also estimated the socio-economic burden imposed by AGW, and the co-morbidities thereof, using national 'big data'.
METHODS

Study subjects
We analysed the national public organisational database of the HIRA service from 2007 to 2015 to investigate the prevalence and socio-economic burden of AGW in Korea. We collected 9-year claims data for principal diagnosis code A63.0 (AGW or venereal warts according to the International Classification of Disease 10th version (ICD-10)) [22] . Korean medical institutions can use code A63, A63.0 or A63.8 for AGW. A63 and A63.8 are not specific for AGW, whereas A63.0 is specific for AGW. Therefore, all data from individuals with a primary code of A63.0 were included in the analysis, while those with a less specific code (A63 or A63.8) were excluded. This study was approved by the Institutional Review Board (IRB) of Soonchunhyang University Bucheon Hospital (IRB no. SCHBC 2015-03-008).
Data sources
Health Insurance Review and Assessment data
Health Insurance Review and Assessment (HIRA) is a national public organisation that reviews medical service fees to ensure that they are appropriate, and that monitors medical quality standards. HIRA maintains an electronic database on inpatients and outpatients treated at all Korean healthcare institutions, healthcare billing and insurance claims. HIRA data have been made publicly available for research purposes. The data can be divided into three categories: general medical details of patients and their diseases, diagnoses and prescription information. In Korea, 97% of the population is covered by the Korea National Health Insurance Programme (KNHIP). The other 3% of the population is assisted by the Medical Aid Programme (MAP). Almost all medical information is available from the HIRA database, apart from the details of procedures that are not covered by insurance.
Korean National Health and Nutritional Examination Survey data
Korean National Health and Nutritional Examination Survey (KNHANES) is a national surveillance system evaluating the health-related status of Koreans.
KNHANES has conducted nationwide cross-sectional study every year since 1998, and provides information on disease epidemiology, trends in socio-economic status, health behaviours, etc. We estimated daily traffic cost to visit clinic using KNHANES IV (2009), V (2010-2012) and VI (2013) data.
Korean Statistical Information Service data
The Korean Statistical Information Service (KOSIS) database delivers Korean statistics on more than 500 topics that are the responsibilities of 120 agencies. We used total population data, and population numbers by sex and age, to calculate the prevalence of AGW. Employment data and average daily incomes were used to estimate indirect medical costs.
Prevalence of AGW
All data from individuals with a primary code of A63.0 were included in the prevalence analysis. Cases of recurrence per year were regarded as one case. Any case in which treatment continued into the following year was excluded from calculation of the next year's prevalence. We calculated the annual prevalence of AGW by dividing the number of cases by the residence-registration mid-year population in the corresponding year. The residence-registration mid-year population was obtained from the KOSIS [23] . Prevalences were reported as age-standardised rates (ASRs) using the residence-registration mid-year population in 2011 as a standard.
Socio-economic burden of AGW
The socio-economic cost of AGW was calculated based on HIRA claim data, KOSIS data and KNHANES data. The socio-economic cost of AGW was classified as direct medical costs, direct non-medical costs and indirect costs; it included expenses for outpatient care or hospitalisation, medicines, prescriptions, traffic expenses and lost income paid by the insurer and patients (including non-covered costs and prescribed pharmaceutical costs). The formulae used for the calculations were reported previously [24, 25] .
Direct medical cost
Direct medical cost was calculated based on HIRA KNHIP and the MAP data paid by the insurer or patient, including deductible payments. It was defined as expenses for outpatient treatment or hospitalisation; medicines and prescriptions; and prescribed pharmaceutical costs. The medical charges for non-insured costs paid by patients were 20·5% and 2·9% for visiting clinics/hospitalisation and pharmaceuticals, respectively [26] .
, sex α = proportion of non-insured costs paid by patients for visiting clinics β = proportion of non-insured costs paid by patients for hospitalisation γ = proportion of non-insured costs paid by patients for buying medicines OE ij = amount claimed for visiting clinics E ij = amount claimed for hospitalisaton ED ij = amount claimed for buying medicines
Direct non-medical cost was defined as transport expenses for visiting clinics or hospitalisation. Based on the 2008 Korea Health Panel Survey, the average roundtrip transport expenses were 1·24 United States Dollar (US$) and US$5·60 for visiting clinics and hospitalisation, respectively [27] . The transport expenses were corrected by multiplying the inflation rate (traffic price index) of KOSIS for each year. Because individuals aged <20 or more than 64 years were assumed to be with a caregiver when visiting clinics or during hospitalisation, the traffic costs of those age groups were doubled.
Indirect cost
Indirect cost was defined as lost income caused by decreased productivity due to AGW [28] .
O ij = number of visiting clinics δ = proportion rate of visiting clinics versus hospitalisation N ij = length of hospital stay(days)
The proportion rate of visiting clinics vs. hospitalisation was set at one-third based on a previous study, which presumed that the cost of treatment of one patient in a ward is equal to that of three patients visiting clinics due to doctor's productivity [29] . The employment rate and average daily income per age and sex were determined from KOSIS data. Patients younger than 20 years or older than 64 years were assumed to have no loss of productivity; however, they were assumed to have caregivers. Therefore, the indirect cost of AGW was estimated by calculating the decreased productivity of the patients' caregivers [25] .
Co-morbidities of AGW
Co-morbidities are co-existing or additional diseases with reference to an initial diagnosis, in this case HPV and AGW. Therefore, diseases unrelated to AGW and HPV infections were excluded when ranking the most frequent co-morbidities of AGW.
Statistical analysis
The prevalence of AGW according to sex and age was calculated by applying ASRs using the standard population from 2007 to 2015. A two-tailed P < 0·05 was considered to indicate statistical significance. All statistical analyses were performed using SAS (version 9.3; SAS Institute Inc., Cary, NC, USA) and R (version 3.1.3; The R Foundation for Statistical Computing, Vienna, Austria). To evaluate the trend in prevalence, the APC in prevalence was calculated using a simple linear regression model: APC = (exp (b)−1) × 100, where b is the linear regression coefficient of the natural log-transformed of the ASR for each year; 95% confidence intervals were calculated from the fitted regression model.
RESULTS
Prevalence of AGW according to sex
The overall AGW prevalence in both males and females increased from 2007 to 2015, with an average APC of +8·3%. The number of patients with AGW increased approximately 1·8-fold over the last 9 years (Fig. 1 , Table S1 ). The AGW prevalence in males increased continuously from 2007 to 2015, and was higher than that in females. The APC in males was +11·6%, and the number of patients increased >2·3-fold during that period (Fig. 1, Table S1 ). In contrast, the AGW prevalence in females increased until 2012 and decreased thereafter. The APC in females was 3·2-fold lower than that in males, with APC of +3·6% (Fig. 1, Table S1 ).
The male-to-female prevalence rate ratios of AGW for all ages increased steadily from 1·1 (2007) to 2·0 (2015) . This indicates that the prevalence in males has increased more than that in females ( Table 1) .
Prevalence of AGW according to age
The AGW prevalence was highest in patients aged 20-29 years in both sexes from 2007 to 2015. The prevalence of AGW was higher in females aged 20-29 years, particularly in 2012, than in the other age groups; however, it decreased thereafter. The prevalence of AGW was higher in males aged 20-29, 30-39 and 40-49 years than in the other age groups, and has increased during the last 9 years. Interestingly, the gap between those aged 20-29 and 30-39 years decreased and reversed Table S1 ).
The APC was highest in patients aged 30-39 (+10·7%) years, followed by those aged 40-49 (+8·4%) years in both sexes. The APC in those aged 40-49 (+10·8%) and 50-59 (+7·2%) years was higher than that in those aged 10-19 (+6·0%) in males, despite the expectation that middle-aged persons are less sexually active than teenagers are (Fig. 2 , Table S1 ).
Economic burden of AGW in South Korea 1
Total cost for the treatment of AGW
The total socio-economic cost increased 2·6-fold from $3 901 209 in 2007 to $10 235 699 in 2015. An increased tendency was evident for both outpatient and hospitalisation costs. However, because most patients with AGW are likely treated in outpatient clinics, the total cost of outpatient clinics in 2015 $9 329 287 was 10·3-fold that of hospitalisation $906 412. The costs per capita for hospitalisation increased considerably compared to those for outpatient clinics ( Fig. 3 and Table 2 ).
Direct medical cost
The total direct medical cost increased about 2·8-fold during the last 9 years. Interestingly, the increase in payments by insurers and patients over the 9-year study period (2·9-fold) was greater than that in prescribed pharmaceuticals (1·9-fold) ( Fig. 3 and Table 2 ). (Fig. 3 and Table 2 ).
Direct non-medical cost
Indirect cost
The total indirect cost increased 2·3-fold from $1 117 850 in 2007 to $2 608 318 in 2015 ( Fig. 3 and Table 2 ).
Co-morbidities of AGW
Non-specific urethritis, chronic prostatitis and viral warts were the most prevalent co-morbidities in males with AGW. Sexually transmitted diseases (STDs) and inflammatory diseases (e.g. acute vaginitis, vulvar or vaginal candidiasis, and cervicitis) were the most frequent co-morbidities in females (Fig. 4) .
DISCUSSION
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PRR, prevalence rate ratio; CI, confidence interval.
1 Round the original estimates to 100 000 South Korean Won (KRW), then convert KRW into US$ (1 US$ = 1154 KRW).
sexes, most vaccinated subjects have been female. However, HPV vaccination became a component of the NIP only in 2016, and the number of subjects vaccinated is unknown. Therefore, the impact of vaccination on disease prevalence cannot be precisely estimated. HPV vaccination effectively prevents AGW and cervical cancer in females. Among HPV-naïve females aged 16-26 years, HPV vaccination is almost 100% effective against AGW caused by low-risk HPV types, and 83% effective against AGW caused by any HPV type [30] . Vaccination protects against HPV infection for a minimum of 5 years with an efficacy >90% [31] . A recent systematic review reported that HPV vaccination decreased the risk of AGW by 61% in girls aged 13-19 years, and 68% in women aged 20-39 years [32] .
HPV vaccination also protects males against AGW caused principally by non-oncogenic HPV types 6 and 11. The HPV vaccine prevents HPV 6/11/16/18 infection and anogenital disease in males aged 16-26 years; it is 90·4% effective against external genital lesions caused by HPV 6, 11, 16 or 18, and 83·8% effective against external genital lesions caused by any HPV type [33] .
Thus, it is likely that the decrease in AGW prevalence in females evident after 2012 is attributable to HPV vaccination. The AGW prevalences in 2007 were similar in both sexes, but this changed in later years. The male prevalence increased continuously, whereas the female prevalence decreased after 2012.
Notably, the AGW prevalence in females increased to 2012, but decreased thereafter (5 years after introduction of the HPV vaccine). The HPV (types 6/11/ 16/18) prevalence in the US declined by 56% 4 years after HPV vaccine introduction, from 11·5% in 2003-2006 to 5·1% in 2007-2010 (the post-vaccine period) [34] . In Australia, the AGW prevalence also decreased 4 years after the introduction of HPV , and from 22·9% to 2·9% in males [21] . If the decline in AGW in Korea is attributable to HPV vaccination, this should continue given that the NIP commenced in 2016. Data from the next few years should confirm this suggestion.
We found that the AGW prevalences in different age groups differed from those in Western counterparts. The AGW prevalence in Western countries is highest in those aged 20-29 years, followed by those aged 10-19 years [19] . However, we found higher overall AGW prevalences in older Korean patients. The prevalence was higher in males aged 20-49 years than in other age groups. The prevalences in those aged 20-29 and 30-39 years, and even 40-49 and 50-59 years, were higher than in those aged 10-19 years. This is likely due to less sexual activity by Korean teenagers compared with their Western counterparts. For example, 41·2% of high school students in the US have had sexual intercourse, compared with 10·5% (7·3% and 3·2% in male and female adolescents, respectively) in Korea [35, 36] . The prevalence of AGW in males aged 20-29 years was higher than that in those aged 30-39 years to 2014, but reversed thereafter. Interestingly, a sex difference in prevalence was apparent by age group. The prevalence of AGW in males peaked twice, in those aged 20-29 and 30-39 years, but only one peak was evident in females (aged 20-29 years). This may be attributable to differences in the sexual activities of young males and females. Thus, encouraging HPV vaccination of males may reduce the rapidly increasing AGW prevalence in Korea. In Australia, an HPV vaccination NIP significantly reduced the AGW prevalence by 81·8% in males aged <21 years (thus from 12·1% to 2·2%) and by 51·1% (from 18·2% to 8·9%) in males aged 21-30 years [19] . We present reliable data on the socio-economic burdens imposed AGW, including direct medical, nonmedical and indirect costs. All of these costs increased 2·2-2·8-fold during the 9-year study period, probably because of the increase in overall AGW prevalence. The total costs of outpatient visits in 2015 also were 10·3-fold those of hospitalisation. This is because AGW are usually treated in outpatient clinics. However, one limitation of our study is that differences in disease severity and stage were not considered when we made these estimates. Furthermore, AGW are accompanied by co-morbidities such as STDs or inflammatory diseases of the anogenital area (e.g. urethritis and prostatitis in males, and candidiasis or other inflammatory diseases of the vulva and vagina in females). As such diseases are often STIs, patients with AGW are at a high risk of additional STIs. Physicians should screen AGW patients for STI co-morbidities.
This study was limited by the fact that only patients with the A63.0 code were included in the calculation of prevalence and socio-economic burden. The inclusion of all cases with the A63, A63.0 and A63.8 diagnostic codes, together with recurrent cases, would increase the number of cases, prevalence and economic burden of AGW. This study did not examine the epidemiological differences in AGW according to HPV genotype despite the fact that the prevalence and socio-economic burden differ among the HPV genotypes. Furthermore, the exact site of the infection or whether it was multifocal was not clear because this study examined claims data for patients with 'AGW' combining all localisations into one group of 'anogenital sites'. Therefore, the exact localisation of the warts was not indicated. Further studies of the characteristics of multiple genital infections can provide information on the dynamics of patients with anogenital HPV infection.
In conclusion, HPV infection and related diseases such as AGW are of clinical concern in Korea, attributable to their high prevalence, adverse economic effects and co-morbidities. We found that the overall AGW prevalence and socio-economic burden imposed thereby increased over the 9 years of our study. However, the prevalence of AGW differed significantly by sex. Whereas the male prevalence increased continuously over time, the female prevalence fell after 2012. The prevalence of, and economic burden imposed by, HPV-related diseases will continue to increase in males if no action is taken. Therefore, increased HPV surveillance in males, and implementation of malespecific preventative measures, should be considered. 
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